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Abstra ct
A sim ulation m odel is one of m eans repre s entl ng and e xplain lng C O mPle x
syste ms. Rec ent pr ogres sin the Tl eld of e n vir o n m e ntal scie nc e s has se en the
dev elopm e nt of m anytype s ofsim tl ation m odels. Dese rti丘catio nis, ho w e v e r, a v ery
co mplex system inv o一ving s o cialfactors s u ch a s e conomics a sw ell as physical,
chemical and biologlCalpro c e sse ･ T her efore sim ulation m odels ha ve rarely be e n
ap plied to des ertific atio n phe n o m e n a. Ho w ever, re c e nt de v elopm e nts in co mpute r
englneen ng hav e made itpo sible to apply sim ulation m odels to a wi der ra nge of
s ciemi ficfelds. In thispape r, w epr es e ntan o vervie w ofpastsim ulation m odelsdealiI唱
withde s ertification phe no m en a, anddisctlS Sthepos sibilties 皿d.li mits oftheir models.
h addito n, the pre se nt status of their m odels and th与 dev elopm e nt of a sim ulation
m odelofa ctualde sertific atio nin the semi- aridKe rqin Sandy Landof ln n erMo ngolia
arepr e s e nted.
Introdu ctio n
De s ertific atio nisd占fin ed bytheUnitedNatio n s(1994)as "land degradatio nin
arid
,
s emi- arid a nd dry sub-humi dar e a sre sulting fr o m v ario u sfa ctors, including
clim atic v ariations andhllm an a Ctivite s” . Cu r ently, ofthe w orld
7
s dryla nds used for
agnc ultur e, 70% ar eaffectedto s o m edegr e eby vario usfor ms oflallddegradation, and
one sixth ofthe w orld'spopulationis thr e aten ed bythe effects of de sertific ation(United
NationsEnviro nm e ntProgr am m e, 1 992). De s ertiGc atioTlis clo sely relatedtoimportallt
global is s u e sin cluding population growth, the e c on omic gap or s o- calledNorth-South
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Proble m andglobalw a rming. For exa mple, glob alw armingis thought tobe c aus e of
r e c ent clim atic flu cttlatio n, In theinte rn atio n alc om m u nlty, aPO Sitiv e c ampaign Started
followingthe sin c eUnited NatiollSCo nfer e n c e o nDes e rti丘c ationheld in 1977, and the
=U mited Natio n s Con ventio n to Co mbat De s e rtifl C atio n in T ho se Co untries
Experie n cingSeriollS Dro ught a nd/o rDeserti丘c atio n, Particularlyin A丘ic a
”
w as signed
inJⅦle1994.
M ean while
,
what pr ogr es shas been m ade in the res e ar ch Tl eld?Our
unde rstaJlding of spe cific pro c e s se in v olved in de s e rti丘c atio n ha sprogress ed, but
studie stha:t take age n eralvie w ofde s erti hation a r eus u ally qu alitativ e o r s uperncial
and qtlantitativ e studies c o mbiming ele m ents of r e c eiv ed r elativ ely little atte ntio n.
Cou nter m eas ur estodesertificationha vebee ndev elopedseparatelyand inc onsistentlyln
each a r e a
,
and fundam ental de s e rti丘c ation contr ol m ethods such as suitablela ndu s e
pla nninghavebe e n ra elydis c u s s ed. In thispaper, aqu a ntitativ e m ethodfo r m aking an
integrated sim ulatio Tl m odel w as c o n sider ed, and the applic ation ofs tlCh a m odelto
desertific ation w asdis c u s s ed.
1. Pr ese ntstd:tug ofsim ulation models of de s ertific atio n
V in ogrado v(1995)described ch angesinla ndus eby a m athem aticalsim Ⅶ1a:tion
m odel. E e explain ed the expansion ofs andyland ar ou ndthe BlackSe aby expo n e ntial
fun ctio n, and the change of land cove r ofthe Amudarya Delta as a s um ofpo w er
fun ction s. M o reo v er,the futur elandc o v e r w a spredicted by using Markovian m odelas
to the htter. In his e xamin 如ions of theproc es se of de s erti fication , only2 or3 s e,ts of
data obtained e v e ry5o r8yea rsw e r eus ed.
Gr unblattet al. (192) ex amined the inte rnalpro c es s es of de se rtific atio rl.
Pote ntial w ater and wind e ro sion wer e estim ated uslng data on pr ecIPltatio n, land
in clination a nd land c ov e r. M o r eo ve r, the popuhtio ndensitydata w aso v e rlaid o nthe
re s ultstojudBe thehazards of de s erti五c atio n.
Han an(1991)studied the state of vegetatio n r egr es sio n arou nd the wells by
an alyzing ND ⅤⅠ,in which a spatialm odel, e x cludingte mpo rala spe cts, w a s applied.
Pr o ctor(1990)predicted futur elandu s e up to the ye ar2000, by extr apolating &o m
trendsbetw e e n1 961and1984. Fieldsu rv ey, analysis ofa erialphoto s a nd statistics of
fuelw o od us age a nd cattle n umbe r wer e co n sidered in this m odel. T he r elationship
betw e en populatio ngr o w血 and resou r celimits w a s also dis cus sed. Iv e et al. (1 992),
divided the study are ainto 1/8degree squ aregrids, anddev elopeda sim ulatio n T nOdel
explaining the expallSion ofs aliniz ed areas. Since this m odelsho w edlate nthazard,it
c o uldnotbe w ellc or relatedto thepre s e ntstatus.
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The re s ults ofthes e
sttldies ha v e be e n
s u tn m a rizedin Table1.
Amo ngthe s epapers,
Vin ogr adov
'
s m odel
s uc c e edsin e x a m ln l喝 Whole
de)s e,rti丘c ation . Ho w e v e r
,
it
has s o m e sho rtc omings. No
internd pr o c e ss es w e r etal(e n !
into c o n sideratio n ando nly a
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d..td.. 肋 Ⅷ d 血 止 の T, W dd d,i血 w co .id d 伽 叫
s mal a m ol mt Of data w a s 血 坤
used. On the othe rhand
,
the aim of the sttldie sby 白ru nblattet al.(1992) andHan an
(1991)w ereto estim ate
-
thehazards of dc se rtification
,
bⅦttheir m ethods c
.
a nbe applied
to sim ulation m odels･ Pro ctor(1990)usedv ariollSkillds ofdata, btltth8 SPatialdぬ w a s
not effectiv ely in c orpo r ated. Ive ei al. (1992) excluded spa.tialch皿 ge, but their
a:ppro a ch is v eryInte restingbecause ofthellS e Ofalatdc e model.
2. PoterIti alandlimits ofsim uh tio n m odels
2.1 Potenti alndsigniBc anc c ofsimdatio nm odels
h thepr e vio u s s e cdo n, a ge n eralo v er vie w ofsim ulatio n m odels w a stake n.
T hepote ntialofsim dation modelsin the n e arfutu r eis n o weEXamined.
On epote ntialappTOa Ch is a spatial-te mporalm odel, established tISingda.ta o n
v egetation, soils, clim ate, s atelliteim age s andstatisticald ぬ(e.g. bⅦ n m andliv estock
popdatio n). T his m odelsho11 d include m a血 e m aticalform tlla ee xpr es singeachI)r O Ce,SS,
a ndc ombin esociala nde c o n omicpr o c e sses wi thphysic al, ch6rnicala nd biologicalon e s.
Detailedspatiala ndtemporalda:ta n edtobeinch ded in makingthistype of m odel. W e
coul dn ot 丘nd any studies u slng this type of m odel. IfstLCe SSfully e stablished,
de sertifica.tions in differeTlt area s mu d be recognized a s a cha nge ofpar a m etcTS, A
cl6ar e r under sta nd ingofthe mecha nis m ofdes ertiic atio n c onldidentifybasic s olutio n s
to也epr oble m.
2
.
2Limits ofsim ulatio n
■
m odels
There are s o m elimitsto the sim ulation m odelap pr o a ch. Ev e nifal available
data are used. This m aybein sufficie nt to u nderstand allphen o m e n athat o c c u rr ed in the
sttldy are a. Ther eis flo guar ante ethatfa ctors ex cludedfm m the m odel do notplay an
impo rta nt role, aJld this 皿 ay affect the, a c c ura cy of the model･ Anothc rproblem is
reglO nal differ e ncesin de s ertific atio nphen o m e na. Des ertific atio nis o c c ur n ng l a
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v arietyofregionsin the w o rld whichha v ebothc o m m o na d uniqu e aspe cts. Applying
a m odel dev elopedin one reglOn tO a n othe rr egi o nis o鮎 n di圧icult. In the e arlystage s
of m aking m odels, applying a m odel to reglO n S With di fferent pr o c e ss e sm ay be
difBc ult.
There is als othe fund am ental pr oble m that de s e rtificatio n in clude s v e ry
co mple xsyste m s, c atLS alrelationshipsbe c o me vagu e u nde rstandingof the wholepi ctu r e
be c o m esdifEc ult. Pr ogr es sin handlinghighdensitydata a ndtrial- and- er rorin model
m aking a re nece革SarytO S OIv ethisproble m.
3 To wards applic atio n ofa sim uhtion modeltoNaim an-qi,In ner Mongolia
3.1 C haracteristics of Naim an-ql
W e selectedNaim a n-qi(
`
qi
'
m e an spr efe cture o r c otlntyin C hin ese)in In ner
M ongolia, Chin a as a sttldy a r ea to prodll C e adesertific加ion sim uh tio n m odel. The
r ea s o n sfor th is choic e ar e1)typic al c auses of de se rtificatio n in the w orlds u ch a s
ov ergrazing, o ve rfa miTlg anddefor est血o n ar e repres entedhere;2)typic aleffects stl Ch
a s s anddu le r em Obiliz at o n, salin zatioll ands oiler o sio n are seen;3)鮒 Cialfa ctors s uch
a spopulation gro w血 and ac co mpanylng rapidchange oflandu s e ar e s e e n.
3.2 D由e rti丘cationinNaim an- q1
3.2.1Ge71 er al vie w
Naim an-qi islo cated in the c e ntralpart of the Kerqin SandyLands occupying
42o20
'
- 44o20
'
N, 118
o30
'
- 123o 0
'
E. Me an annu alrainfallat Naim an is 3 77Tn m and
m e a n an nt1altemper atureis6.6
oC(1949- 1994). In the Kerqin Sandy Lands, the e astern
partis m or eh umid thaJlthe w est. Henc eNaim an-qllS, atthe s a m elatitude, m o reht mid
than Wtlan - Aodu
,
80km w est ofNairn anthat w a s studiedbyTaketl Chietal.(195).
Soilpr o丘1e sindic atethatthis region had historicallyexperie nc edthe cyclic
proces s e s ofdes erti鮎ation and r estoratio n thr ee tim e s(Liu et al. , 1993). Ho w ev er
rec ent rapidpopulatio ngro wth andde v elopm e nt ofcivi lzation a c c el r atedc o- incide nt
de se rti丘cationin this regio nthat w as obvio tlSlydiffere nttothehistoricalo n e.
Naim an-qlis, ho w e v er, re c ently unde rgoing a re c o v e ry pr o c es s. Windbre aks
a nd s andbr e aks I)1a nted by lo c al go v e r n m e nt occ up yla rge ar e as a nd the clim atic
c ondition isin ah mid stage(s e ebelo w). lm aga w a(19 95)repo rted that the ar e as
ar ound ro ads
,
railw ays and settle m ents are being restored, althoughthe o uter ar e ais
bec omingde sertified.
Annualpr e cIPltatio n andits r e sidualm as sgraph ar e sho wn in Figs.1 and 2.
Residual m a s s cu rve m ethod is u s ed to e asily descri be long term cha nge s in
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precipitation(Iw a saki,1983,1984).
Thisis calc ulateda sfollo ws.
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Where
,
Xiis the valu eofresidualm a ssin "i”thye a r, r is av er ageprecipitatio n
and r
”
is pr e cipitatio n of
"
n
” thye ar. Figu re 2 sho ws that N aim an -qi ha sbe e nin a
rehtively w etterperioda触r adry periodthatla sted 舟or nthe1960
'
sto the ea rly1980
'
s.
La nds at T Mim age sals o sho w salm o st no e xpa n sion of des ertified ar e abetw e e n19名2
皿d1991(Im aga w a, 195).
3
.
2
.
2 Dev elopm entof dun es andv egetatio n
Fieldv egetatio n su rv eys w e re car ied o ut at the begin ning OfSeptember1996
to clarify vegetatio n r egres sio n c血s edbys andd un e r e mobiliza,tio n. Te ntan sects w e re
pla c ed on s and dun e sin v arious parts ofN aiman -qi(incltLdingfix eddtlne S, S emi- 血 ed
dun e s and a ctiv edun es).
Each transect w as set
&o m a s and dune ridge
to the inl:e rdu n e
depres sion . T he leng血
ofe ach transe ct r anged
fi-om 24 to 129 m .
Along e a ch tran s e ct,
qu adrats (1 m X l m)
w ere s etevery3 m .
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Figure3 sho w sthe vegetation v olu m eindex calctl atedas c ove r age(m
2
)Ⅹ plant
height(m)for e ach species. 79, 55, 171qu adr ats w e relo c ated o nthe s and dunele s s
tha nlm
,
1-3m , m o re than 3m &om thebotto m of thedepr e ssio n.
As a res11t, the estiTrLated v egetation vol um e inde x above gr otl nd andthe
nu mber of spe cie spre se nted(a totalnu mbe r ofspe ciespres ented per qu adrat) are
0
.
179m 3 and3.8 spe cies atle s sthan 1 m , O1 3 0m
3
and l･9 spe ciesfo r1-3 m and
0.121 m 3 and 2.1 speciesfor m ore than3 m 丘o m thebotto m ofthedepres sio n(Fig･3)･
T his sho w sthat thequadrats atle sstha nlm 丘o m thelo w e stdepr e ssio nis r e m arkbly
rich in v egetatioll VOlu m e and specie sdive rsity.
3･3 Tow ardsd6 V eloplng a Si
.
m Antio n m odelofde s ertific atio n
3.3.1 Estim atingn etpdm ary prodtlCtivity PP P)
Estim atiTlg Ofthe potentialofpartic ularlandis veryimpo rtantin establishing
s uitablela ndu se gtLidelin esbas ed on a bala n c ebetw ee nland condit ons and hu m a n
activitie s. Net prim ary produ ctivity(N P P)is an indic ato r of land pote ntial. N pP is
e stim ated by u sing clim aticdata, s oilm a.ps anderosio n m a,ps. T he Chikugo m odelis a
repre sentative m odel used for estim atingN P P 丘o m clim adcda:ta. h this m odel, N PP is
calculated asfollo ws.
N PP- R(0.2 9e xp(- 0.21 6R DI2)) (2)
Whete Risthe an n tLaln etradia･tion(kcal/c m2), FiD I(=R nr)is radiativ edryn e s
index
,
htent heat valu e of w ater ev aporatio n(kcal/gH20)is l, and r is aJlnu al
precipitatio n(cm).
In s emi-arid z o n es, the main fa cto rs a r e related withw a:tor sll Ch as
ev apotr anspiratio n, s oil m oisture and pre cipitatio n(Raich ei al. 1991), T he ChiktlgO
m odel,ho w e v er, e valuatedto be applic able 丘o m humid r egion sto aridregio n s(Seino
andUchizim a
,
1988).
L andproductivityfor e a ch s oiltype should be e v aluatedqu antitatively u sing
obtainable data. Fo r e stim ating a ctual productivity, additio n al fa ctors such a s
s alinization(inthe northern part of N aim an -qi), w ate r er o sio n(southpart)andsteepn es s
(s o uth e ast m ountai】10 u Sr egio n)sho uld be in cluded. T he vegetatio nindex obtained
丘o m s atellite im ages, andthe r e sdts of丘eld s11rV ey wi 1l m ake a c c ur ate estim atiorl
pos sible.
3
.
3.2 Pr o c e s s ofsim ula:tion m odel
N PPsho uldt)a us edinthe sim ulatio n model. In additio n, thedata o n hu m a n
population, liv estock populatiorl(for e ach kind of animal)and farm ar e ashould be
in cluded. Fig.4 sho w sthe outlin e of o ur lnOdel. Fo r evaluating n aturalpro cesses,
- 160 -
s atelliteim age stake nlbetw e e nin the 1970
'
s a nd1980's wi11 be u s ed, be cm s ed 也ng
thisperiod,les s a ction w astake nto c o mbat(ks 肝亡i丘c ation.
Co n cltlSio n
As disc u s s ed in
Chapte r1, no ct m e nt m odels
e xplain the whole phenotn ena
of de sertific atio nin both a
spatialandtcn lpO r al m an n er, A
s血 ulatio n m odelin Chapte r2
wi11 des crib6 the re c erLt
de s e rtific ation in Naim an -qi. It
wi ll inclⅦd¢ the popuh don and
ec o n omic gr o wth and
l
clim atic
change a sdes cribed in Se ctio n
3.2.
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